Extensive testing of the advective scheme, proposed by Prather (1986), has been carried out in support of the California Institute of Technology-Jet Propulsion Laboratory two-dimensional model of the middle atmosphere. We generalize the original scheme to include higher-order moments. In addition, we show how well the scheme works in the presence of chemistry as well as eddy diffusion. Six types of numerical experiments including simple clock motion and pure advection in two dimensions have been investigated in detail. By comparison with analytic solutions it is shown that the new algorithm can faithfully preserve concentration profiles, has essentially no numerical diffusion, and is superior to a typical fourth-order finite difference scheme.
INTRODUCTION
In one-dimensional photochemical models of the stratosphere (for example, Logan et al. [1978] ) transport is parameterized by eddy diffusion. Numerical simulation of a diffusive process is generally straightforward and stable. With 
where X is the mixing ratio of the tracer under consideration. The eddy diffusivity tensor Kij cannot be arbitrarily specified but must be derived self-consistently with the adopted advection [Tung, 1987] We allow material to enter and leave the lower and upper boundaries as fluxes. In the case of imposing a fixed mixing ratio at the boundary, we create an infinitely massive layer so that a finite amount of material can flow in or out without affecting the value of the mixing ratio at the boundary. We found that chemistry is least sensitive to the ordering, but computing diffusion before advection produces better results. In the worst case, reversing the order of computing diffusion and advection can produce as much as 15% error (at the boundary). 
where G is to be determined by boundary conditions. Thus the analytic solution for the mixing ratio is Table 3.  This table has been constructed by analogy with Table 2 of Prather [1986] , and the reader is referred to that paper for a detailed explanation of the contents of In the experiments with fourth-order moments, all moments were set to their exact values at t = 0. We repeated the experiments with the following initial conditions to test the sensitivity of the results to initial moment distributions: in case a, only the zeroth moment was exact, and all others were zero; in case b, only the first two moments were exact, and all others were zero. In cases c and d only the first three and first four moments were exact, and all other moments were zero. The results show that case a has large errors, but cases b-d give almost the same answers as the original case with all initial moments exactly prescribed. Therefore we conclude that as far as initial conditions are concerned, only the first two moments are important, at least for this case we studied in detail. Having performed these numerical experiments and comparing the results with analytic solutions, we conclude that Prather's method with conservation of second-order moments is robust, has practically no numerical diffusion, and can preserve discontinuities, and sharp gradients of concentration profiles. In all tests performed in this work, emphasis is placed on comparisons with steady state analytic solutions. Thus we have largely ignored testing the time dependent aspect of the Prather scheme. It is hoped that in the future, time dependent analytic solutions to (6) will be discovered so that tests similar to those described in this paper can be carried out. 
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